Abstract-Room temperature single photon emissions with ultra-high single photon purity and enhanced emission stability are observed at telecom band from Quantum defects of single-wall carbon nanotubes.
I. INTRODUCTION
Generating quantum light emitters that operate at room temperature (T) and at telecom wavelengths remains a significant materials challenge. Room-T SPE is available from defect centers in large band gap semiconductors [1] . But their inherent band structure limits operating wavelengths to the visible region. In contrast, SPE at telecom wavelengths has been demonstrated in III-V semiconducting quantum dots (QDs) [2] , but to date these have been limited to cryogenic operation. Recently, covalent oxygen functionalization of single-wall carbon nanotubes (SWCNTs) has been used to introduce defect states that localize excitons and generate SPE near infrared region [3] . Here, we show that exciton localization at covalentlyintroduced aryl sp 3 defect sites in SWCNTs provides a route to room-T single-photon emission (SPE) with ultra-high singlephoton purity (99%) and enhanced emission stability approaching the shot-noise limit. Moreover, we demonstrate that the inherent optical tunability of SWCNTs, present in their structural diversity, allows us to generate room-T SPE spanning the entire telecom band. SPE deep into the center of the telecom C band (1.55 m) is achieved at the largest nanotube diameters we explore (0.936 nm).
II EXPERIMENT RESULTS AND DISSCUSION
In the work, we introduce sp3 defect sites into SWCNT samples of three different chiralities ((6,5), (7,5), and (10,3)) through reaction of aryl diazonium dopants (3,5-dichlorobenzenediazonium (Cl2-Dz) and 4 methoxybenzenediazonium (MeO-Dz)) with SWCNTs that are encapsulated in a sodium deoxycholate (DOC) surfactant environment or wrapped in the polyfluorene polymer, PFO-bpy. Defect-state emission is strongly red-shifted from E11, appearing typically as two emission bands in ensemble spectra, labeled as E11* and E11*-for the deeper level of the two, which arise as the result of multiple possible aryl binding configurations [4] . The principles for our structure-based tuning of defect-state emission wavelengths are illustrated in Fig. 1a . Single tube spectra obtained for individual SWCNTs (Fig. 1b) show the spectral window between 1100 and 1600 nm is fully spanned by defect-state emissions.
978-1-5386-0737-4/17/$31.00 ©2017 IEEE Fig. 2 are example room-T PL behaviors for individual DOC and PFO-bpy coated (6,5), (7,5), and (10,3) SWCNTs functionalized with Cl2-Dz and MeO-Dz. We performed Hanbury Brown-Twiss experiments to generate second order photon correlation (g (2) ) traces. Example traces for defect-state emission are shown in Fig. 2b , f and j. Complete photon antibunching, with g (2) (0) values down to 0.01, can be achieved over a broad wavelength range. The most significant aspect of our results is the achievement of SPE at the technologically important telecom O and C bands. SPE from (7,5) SWCNT reliably and most directly accesses the telecom O band (centered at 1300 nm), of interest due to low fiber dispersion in this region. More notably, the emission from E11* -band of (10,3) structure provides high-quality SPE at the center of the most commonly used low-loss C band (1550 nm).
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The sp 3 defect states also display exceptional PL stability. Time traces of the aryl-defect emission at room-T (Fig. 2c,g, and k) show no evidence of blinking over periods of 2 hours for each of our chiralities. Histograms of PL count rates collected over this time period (black trace, Fig. 2c,g and k) and simulated Gaussian distributions of shot-noise (red trace) reveal that the count rate fluctuations are at the shot-noise limit, which is quantified by the deviation of count rate distribution for our quantum emitter (QE) from the shot noise (SN) limit as = ( )/ , where n equals the number where n equals the number of PL counts per 100ms time bin ( = 1 at the shot-noise limit).
III CONCLUSION Rational control and introduction of defect sites for exciton localization in low-dimensional materials is a promising approach for introducing quantum emission behavior. As demonstrated in SWCNTs, this approach brings several unique advantages not available with other materials. Significantly, the inherent tunability of nanotube optical properties allows us to harness covalently-introduced defects to achieve generation of room-T SPE at the critical telecom wavelengths of 1.3 and 1.55 m. Aryl sp3 dopants in particular are found to introduce a number of exceptional characteristics, such as high singlephoton purity (0.99), and shot noise-limited emission stability.
